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We use the informations known so far about elementary particles in order to construct a simple 
model. We find a reason for the gyromagnetic factor of 2 for leptons and a vivid imagination for 
the weak interaction. By this, we understand, why the elementary particles with lowest mass are 
stable and all other unstable. 
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I. INTRODUCTION 

The attempt to understand the internal structure of 
the electron has long tradition and goes back to Hicks 
pure geometrical idea of vortices [1] but without explicit 
relation to the electron. A few years later, already in 
1907, the electron as ringlike axial structure was intro- 
duced, i.e., electromagnetic energy circles around an axis 
[2]. In [3], the idea of a deforming electron is given 
the magnetic moment of which stays nevertheless con- 
stant. Using the experimental results of Stern and Ger- 
lach [4], Uhlenbeck and Goudsmith [5] introduced the 
idea of an intrinsic angular momentum of the electron 
which is twice as large as one would expect classically 
and results in the Lande or g-factor. Dirac [6] followed 
from the linearised relativistic Schrodinger equation for 
an electron in a magnetic field that both an anti-particle 
(the positron) should exist and the exact value of the 
magnetic moment of the electron. 

There are a lot of theories which try to understand 
the internal strcuture of elementary particles in general. 
There exist the ideas of screwvortices (the archori) [7], 
left and right archons together form a particle. Broglie 
applied this as methode de fusion [8]. However, Born and 
Peng introduced a basic element called the apeiron [9]. 
Honl [10] introduced an internal motion of the electron 
and Schrodinger [11] a trembling motion. Honl stressed 
that an electron could be a pole-dipole particle. Jehle 
considered elementary loops which in superposition form 
electron or quark [12]. Pekeris used a hydromechanical 
model with stationary circulations [13]. Dahl had the 
idea of a rotor model with two elements [14] whereas 
Hughston applied two twistor elements [15]. 

Following Mack and Petkova [16], quarks can be de- 
scribed by condensed vortices. Bopp [17] followed from 
the interaction of photons with matter that photons 
could not consist of electron pairs which divide up due 
to the impact. Harari [18] introduced as basic element 
the rishon so that elementary particles consist of three 
of them. He concluded that an electron cannot consist 
of several rishons because the total energy of the elec- 
tron has to be smaller than the one of its constituents. 
Pavsic et al. [19] uses Cliffords 4x4 matrix and inter- 
prete their result as pointlike charge the orbit of which is 
a cylindrical helical line. Following Hautot [20], charge 
and magnetic moment are two objects of the eigenstruc- 



ture, spherically for matter and charge, axially for an- 
gular and magnetic moment. Wasserman [21] presents 
as electron model a Mobius band asymmetrically cut so 
that two stripes become interlinked, a Mobius band be- 
comes interlinked with a triple twisted Mobius band. In 
his opinion, the twisting is correlated with the spin, and 
the interlinking with mass and charge. 



II. PARTICLE CHARACTERISTICS 

In this work we are considering some of the characteris- 
tics of elementary particles. Neutrinos take a special role 
due to their electrical neutrality. All other particles have 
an electric charge of ±1, ±2/3, or ±1/3 of the elemen- 
tary charge e if we take into account the anti-particles as 
well. The electric charge is conserved. Every particle has 
a mass (i.e. its gravitational charge) which is conserved 
as well. The experiments have revealed a weak charge 
where no conservation law exists. In this work, we ig- 
nore the influence of the strong interaction; leptons do 
not take part in the latter one. 

Furthermore, characteristics like the magnetic dipole 
are determined, but its exact values are still unclear but 
for the electron and the muon [22]. It has been taken 
quite some time and a lot of experimental support to 
develop a model for the electromagnetic and weak inter- 
actions, which is now known as the standard model of 
the electroweak interaction. From this, we understand 
that all fermions take part in the electromagnetic inter- 
action independent on its spin, but only fermions with 
left handed spin interact weakly; this is known as parity 
breaking of the weak interaction. A reason for the latter 
has not been found so far. 

The following particles (and its anti-particles) decay 
by the weak interaction the more rapidly, the heavier 
they are: the leptons r, and the quarks d, s, c, 6, 
t. For example, one of the d quarks inside a free neu- 
tron needs about 900 seconds in order to decay, whereas 
the tauon r decays almost immediately within 10^^^ sec- 
onds. In a weak decay, the interaction can be described 
by four fermion fields which take part in it (besides an 
intermediate boson); there is no interaction between two 
particles, but there is one particle "waiting" for the in- 
teraction with its three potential decay products. 

There is another problem within the standard model 
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of the electroweak interaction: All fermions have mass 
zero. One needs the so-called Higgs mechanism in order 
to introduce masses for the elementary particles [23,24]. 
A Higgs particle which is so far not found experimentally 
gives every elementary particle its mass by a symmetry 
breaking process. 

An electron has an intrinsic magnetic moment which 
so far can only be understood by a quantum mechanical 
treatment. The magnetic moment of the electron is 

Ms = -gsl^Bs/h (1) 

where /xb is Bohr's magneton and Qs the Lande factor 
which is equal to 2 in Dirac mechanics (but slightly larger 
due to quantum electrodynamical effects). It is related 
to the intrinsic angular momentum of the particle. We 
notice that /i is antiparallel to the spin angular momen- 
tum. Classically, we can imagine that the spin angular 
momentum is produced by the electron mass spinning 
around some axis whereas the electric current produces 
a revolution in the opposite direction due to the negative 
charge of the electron. 

In the next section we introduce the basics of our model 
before we start to go into the details for leptons, quarks, 
and neutrinos. Then, in Section VII we discuss critically 
our model and finish the article by some remarks for fu- 
ture work. 



III. THE MODEL 

We have to distinguish between a model for the lep- 
tons and two for the quarks. Separately, we discuss the 
situation for neutrinos afterwards. We outline here only 
shortly our assumptions. 
Electric charge 

• Leptons with negative electric charge: 

A charge of the amount of two negative elementary 
charges surrounds a charge of the amount of one posi- 
tive elementary charge. Both move around a common 
center of mass [25]. (We do not assume anything about 
the structure of these particles, i.e., whether they are 
bosons or fermions.) 

• Quarks with electric charge +2/3: 

A charge of the amount of 4/3 of a positive elementary 
charge surrounds a charge of the amount of 2/3 of a neg- 
ative elementary charge. Both move around a common 
center of mass. 

• Quarks with electric charge —1/3: 

A charge of the amount of 4/3 of a negative elementary 
charge surrounds a charge of the amount of 3/3 of a pos- 
itive elementary charge. Both move around a common 
center of mass. 

(Analogue for the anti-particles.) 
Mass 

• Leptons and Quarks 

We assume that the mass of the Higgs particle is 
distributed inside the elementary particle. We take: 



rriHiggs = 2.5 X lii^m^ = 127.75 GeV where nie is the 
mass of the electron. (Notice: This is not the mass of 
the elementary particle as measured from outside.) 
Weak interaction 

• Leptons and Quarks 
We assume that a dielectric medium simulates the weak 
interaction. The dielectric is as usually given by a di- 
electric constant e^., hence, we assume a homogeneous 
medium. 



IV. LEPTONS 

Here, we analyse the consequences of the model given 
in the last section. We start with the leptons. 

The sum of the two charges inside the particle gives one 
negative elementary charge as found experimentally; we 
repeat here shortly the results of the model given in [25] . 
Two opposite charges means that our model possesses a 
magnetic dipole moment as it is measured for e, ^, r. 

Due to the internal structure of our model, we can 
derive an intrinsic magnetic dipole moment [25] . We as- 
sume that the double negative charge — 2e moves around 
the single positive charge +le, so that observed from 
outside we will measure the movement of this double 
charge. Seen from distance the object possesses the mass 
rrix where x stands for electron, muon, or tauon, respec- 
tively (and not the Higgs mass). Then, the leptonic mag- 
netic dipole moment fi is exactly Bohr's magneton, i.e., 
1^ — IJ-B — eh/2mx, cf. Eq. (1). We recognize that the 
introduction of an arbitrary factor gs is no longer nec- 
essary; instead, our model gives the g-factor a physical 
meaning. It is gs — Z\, i.e., g,, is the amount of charges 
Z\ surrounding the central charge Z2. In case of leptons, 
this is gs = Z\ = 2. Of course, in our simple model, we 
cannot clarify the exact value of the gyromagnetic factor 
given by quantum electrodynamics. 

Clearly, the spin of the elementary particle can be de- 
scribed by our model simply by the imagination that the 
double charge — 2e surrounds the single central charge 
-|-le. Then, two ways of circulation perpendicular to the 
direction of motion are possible, which suggest spin-up 
or spin-down, respectively. 

Furthermore, we assume that the mass of the Higgs 
particle is distributed in some way between the double 
and the single charge. It is, for the time being, not impor- 
tant how this distribution is implemented. What counts 
is that the reduced mass of this system is equal to the 
Higgs mass. Of course, due to the measured magnetic 
dipole moment we can derive that the mass is mainly 
concentrated in the single charge. The Standard model 
shows that without the Higgs mec;hanisni all elementary 
particles are massless. Only the assumption that there 
exists a spontaneous symmetry breaking resulting in a 
Higgs particle gives elementary particles a mass. In a 
later section we will go in more detail into the issue of 
mass distribution inside a particle. 
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Our model shows that there is a bound system of two 
opposite charges. So, up to some point, we can use the 
resuhs of the hydrogen atom as known from quantum me- 
chanics. But, furthermore, we have to take into account 
the results of the experiments. We are aware of no ex- 
cited states of elementary particles. This means that we 
have to introduce an energy shift in the hydrogen model 
so that excited states exist only for positive energy lev- 
els. The first excited state in the hydrogen model with 
energy E2 has the energy E2 = Ex/ A where Ex is the 
energy of the ground state. The energy shift means that 
the ground state energy is changed by a factor 3/4. 

From quantum field theory and from experiments, we 
know that inside and around an electron permanently vir- 
tual photons and virtual electron-positron pairs are cre- 
ated; this is known as vacuum polarisation. Due to this, 
we assume additionally that our two charges move not in 
vacuum but in a dielectric which is strongly restricted in 
space. Hence, bound states exist only for a small area, 
beyond this the two charges cannot "live" . Because of 
this finiteness of the dielectric medium, we can cut the 
excited energy levels as well; otherwise they would exist 
also outside the medium. The jump between two energy 
levels would only be possible if the two charges can allow 
to transmit a spin-l-particle, the photon (spin conserva- 
tion). If not, there could also exist more energy levels 
but these would not be reachable. 

In a nutshell, we sum up our results. We have two 
charges inside a finite dielectric medium; they build a 
bound system which can be described by quantum me- 
chanical means. We use here a spherically symmetric sys- 
tem; taking a cylindrically symmetric description makes 
only a slight difference [26]. This system can exist in 
different ways depending on the characteristics of the di- 
electric. So, we will use it to form elementary particles 
which distinguish in the dielectric constant. We take as 
given that there exist three charged leptons. 

The energy of the shifted ground state of the two 
charges is given by 

i?i--2mec ^^^Z - (2) 

= -13.605! ^^^^^ - [eV] , (3) 

ei me 4 

where me is the mass of the electron, a = / {AireoTic) 
the fine-structure constant, the dielectric constant of 
the dielectric, niHiggs the mass of the Higgs particle, Z = 
Z\ X Zi the product of the two charges involved, and the 
shift factor 3/4. For leptons we have Z\ = 2 and Z2 = 1. 
Then, for the electron, we set E\ = —rrieC^ = —0.511 
MeV so that we can determine the dielectric constant Sr 
of the dielectric; below we go into the details why we can 
set this. We find, €r{e) = 4.47. A value greater than 1 
indicates of a medium which reduces the electric fields 
of the two charges. We conclude that we have a stable 
energy state. 



For a muon, we set Ei = 106 MeV from which we de- 
rive €r{fi) = 0.31. In this medium, the electric field of the 
two charges arc enhanced very strongly. This dielectric 
is highly unstable. 

For a tauon, we set Ei = 1780 MeV from which we 
derive er(r) = 0.0757. In this medium, the electric fields 
are enhanced even stronger than for a muon. This dielec- 
tric is highly unstable. 

The general formula for the leptons is 

E^i (leptons) = -10.20375^ [MeV] . (4) 

These results are in best agreement with observations 
where one finds that the electron is stable but the muon 
decays within about 10~^ s and the tauon much quicker 
within about 10~^^ s. The last can be understood in our 
model: The dielectric constant of the muon is closer to 
1 than the one of the tauon, so that the tauon is more 
unstable than the muon. 



V. QUARKS 

The situation for quarks is not so clear because no free 
quarks have been observed so far. We do not have a 
clear measurement of a magnetic dipole moment, hence, 
we cannot derive how many elementary charges circu- 
late around a central charge. We can suppose that there 
exists a magnetic dipole moment of a quark as can be 
obtained from theories [27] . Because quarks only appear 
in combinations of two or three of them the measurement 
of the composite can give us hints on their intrinsic na- 
ture. For example, the proton consisting of two u- and 
one (i-quark possesses a magnetic dipole moment. How- 
ever, the magnetic dipole moment of the neutron (two 
d-, one u-quark) is very small, perhaps it vanishes [28]. 
A non-vanishing moment for the neutron is important 
because it would prove parity symmetry breaking. 

Another problem is the mass of the quarks [22], it de- 
pends on a model chosen. We apply here the valence 
quark model and use the results of the Particle Data 
Group. For the u-quark, for the time being, a lower limit 
of 1.5 MeV and an upper limit of 3.0 MeV is provided. 
For the rf-quark, it reveals a mass range between 3.0 and 
7.0 MeV. For these light quarks, we take both these val- 
ues because they are important in determing the stabil- 
ity of them. For the heavier quarks, we only use the 
best known value without checking the range; they are 
unstable anyway. 

Again, we can use the results of the discussion of our 
model in section IV. First, the 2/3-quarks are investi- 
gated. For the w-quark, we have Ei = 1.5 MeV, and so 
eriu) = 1.16; for Ei = 3.0 MeV, we find e,.(w,) = 0.82. 
But this means that within our model and choice of the 
amount of the two charges, there is a mass range where 
the u-quark is unstable (but cf. the discussion for the d- 
quark below). The stability is guaranteed up to a u-mass 
of about 2.016 MeV, i.e. 
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Ex{2/i - quarks) = -2.016— [MeV] . (5) 

Two remarks are in order. Of course, we could change 
our choice of the charges. For the product Z = 2.44, we 
would find er{u) = 1.0 for Ei = 3.0 MeV, so that the 
M-quark is stable. But this would mean that we had to 
fine-tune our model for Zi and Z2 which would make the 
model less attractive. Because quarks have a charge of 
one or two third of an elementary charge, it is more likely 
that the two charges Zi , Z2 have multiples of one third of 
an elementary charge as well. Secondly, even the upper 
value of 3.0 MeV is experimentally very imprecise. Only 
a few years ago, 4.0 McV was the \ippcr limit. Further- 
more, there exists theories stating that the u-quark may 
be even massless [22]. 

For the c-quark, we set Ei = 1250 MeV, so that 6^(0) = 
0.0402. For the t-quark, we set Ei = 170.9 GeV, so that 
€r{t) = 0.0034. Both particles are highly unstable, as 
confirmed experimentally and given by our model. The 
f-quark with the er-value closer to has a smaller lifetime 
than the c-quark. 

Now, we continue with the 1/3-quarks. We find the 
general formula 

El (1/3 - quarks) = -4.535 ^ [MeV] . (6) 

This means for the limits of the d-quark: For Ei = 3.0 

McV, we have er{d) = 1.23, and, for Ei = 7.0 MeV, we 
have er{d) = 0.805. For the s-quark, we set Ei = 95 
MeV, so that er{s) = 0.218. For the 6-quark, we set 
El = 4.2 GeV, so that 6^(6) = 0.0328. Again, the s- and 
6-quark are clearly and highly unstable in our model. 

The situation with the rf-quark is more complicated. 
The discussion for the charge product Z given above for 
the u-quark is valid here as well. Secondly, the exper- 
imentally determined mass limits have been decreased 
also for the d-quark as for the u-quark (from 4.0 to 3.0 
MeV or 8.0 to 7.0 MeV, respectively). In this case, it 
means that within our model the rf-quark has been stabi- 
lized at the lower limit. Actually, this is not a problem. 
We know that the rf-quark is stable depending on the cir- 
cumstances; a free neutron is unstable, whereas a bound 
neutron can be stable. In general, our model might give 
a hint that quarks may have no fixed mass, it depends 
on the physical situation. The mass of an elementary 
particle is the result of the dielectric (which is here the 
weak interaction) which is not restricted by a conserva- 
tion law. For example, the mass of the electron inside 
a solid state and with a strong magnetic field applied is 
influenced dramatically [31]. 

Of course, one could have chosen also other values for 
the two charges, e.g., Zi — 5/3 and Z2 — I for the 2/3- 
quarks. But we believe the values given in section III 
produces the optimal energy values in Eq. (5) and (6). 



VI. NEUTRINOS 

The existence of a magnetic moment of neutrinos is 
discussed in literature and upper limits are given [29]. 
Because we understand magnetic moment as movement 
of a charge in our model, we can apply it to them as well. 
We have Zi = Z2 = 1 and so 

iJi (neutrinos) = -2.5509^ [MeV] . (7) 

Neutrino masses are not very well known. Only since a 
few years at all, it is even clear that they possess a mass 
due to the effect of mass oscillation which was clarified 
by the Super-Kamiokande and the SNO experiment [30]. 
The electron neutrino mass has an upper limit of about 
2.2 eV, the muon neutrino of about 170 keV, and the tau 
neutrino of about 15.5 MeV [22]. This would mean that 
the tau neutrino would be unstable in our model. 



VII. MASS DISTRIBUTION 

The model presented in sections III- VI is attractive 
because of the few input parameters which are taken from 
what we know of experiments and theories. The results 
show what is found in experiments: a particle is stable 
or unstable with respect to the weak interaction. 

But if we look into more detail, we have to recognize 
that the distribution of mass inside a particle and the 
total mass of the particle is a difficulty which has to be 
discussed. Because there are two charges in our bound 
system, we applied the results of the quantum mechanical 
model of the H-atom. Then, we used the formula for the 
energy level Ei and assumed that this is equal to the 
mass of the particle. 

In case of the H-atom, the energy value En describes 
the amount of energy which is removed from the sys- 
tem by a photon. Furthermore, the reduced mass in the 
formula is the result of the mass of the electron and the 
proton, and is close to the mass of the electron. From out- 
side, wc measure as H-atom-mass the sum of the masses 
of proton and electron and reduce this by En if the elec- 
tron is in the n-th energy state. (We neglect here other 
quantum numbers.) 

In our model, we assumed that the reduced mass is the 
Higgs mass. That would mean that the circulating charge 
has a bit more than the Higgs mass and that the central 
charge would weigh, e.g., as in case of the H-atom, about 
10^ times that of the circulating mass. Hence, in total, 
we have an object with about 10'^ of the Higgs mass. 
This should be measured as particle mass from outside 
and is in clear contradiction with experiment. This is 
the description of the H-atom where vacuum dominates 
between the two charges. 

Instead, one could assume that there is only the ele- 
mentary particle mass (and no Higgs mass) present which 
is mainly concentrated in the central charge and that the 
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mass of the circulating charge mz^ is, for example, one 
thousandth of the central charge. For the electron model, 
we replace niHiggs by mzi = me/1000 and find a dielec- 
tric constant of = 2 x 10"''. Correspondingly, all other 
elementary particles have even smaller e^-values. We rec- 
ognize that by correcting the mass distribution, we find 
that all particles are unstable due to a dielectric constant 
smaller than 1 which is, again, in contradiction with ob- 
servation. 

The model presented in section III shows that there 
appears an additional factor niHiggs/fnzi in Eq. (3). We 
conclude that the symmetry breaking Higgs mechanism 
is valid only inside the dielectric medium and affects in 
this way that the large amount of the Higgs mass is not 
measured from outside. Beyond the carrier of the di- 
electric medium we measure just the electron mass (or 
mass of the elementary particle in general, respectively). 
Hence, it is just the right value of the mass of the Higgs 
particle which is responsible for a stable electron and a 
stable u-quark. 

In principle, we use here the elementary particle as the 
photon in the H-atom model. For some unknown reason, 
we do not measure the mass which is inside the parti- 
cle, but just the energy=mass of our "photon" . This 
problem is already well known [18]. Following Heisen- 
berg's uncertainty relation, the amount of a composite 
system is closely related to the kinetic energy of its parts. 
The smaller the system, the larger the kinetic energy of 
its constituents. Inside an electron the lower limit for 
constituents is just about 100 GeV, which is (more or 
less) exactly the Higgs mass which we used in our model. 
Again, as we discussed above already, we have the para- 
dox situation that the energy of the constituents is much 
larger than the mass of the composite system. Of course, 
this could mean that an electron is elementary. But our 
model can explain its magnetic dipole moment and the 
stability of elementary particles with respect to the weak 
interaction. We cannot find a solution here. Clearly, we 
need more discussions on this point in future. 

VIII. DISCUSSION 

In this article, we have tried to calculate the mass of 

elementary particles. We introduced a new structure: 
two opposite charges; we do not make any assumptions 
on the nature of these charge elements. For leptons, this 
leads to the explanation of the magnetic dipole moment, 
and hence, the spin. We calculated the bound system 
quantum mechanically. We assumed that the two charges 
"live" in a dielectric medium due to vacuum polarization 
effects. In theory, elementary particles are massless, just 
a symmetry breaking mechanism leads to a mass where 
a heavy Higgs particle is introduced which we used in 
our model. Then, we have everything to calculate the 
elementary particle mass. We do this by determining 
certain values of the dielectric constant. We confirm the 



stability of the elementary particles with respect to the 
weak decay. We conclude that the weak interaction can 
be interpreted as dielectric medium. 

There has been great effort to investigate electrons in 
two-dimensional systems at low temperature exposed to 
a high magnetic field [31,32]. The electrons are inside a 
solid and start to behave completely different. It seems 
that they have changed their internal structure, they have 
a charge smaller than the original one. The attached 
magnetic field changes the characteristic of the electron 
from fermionic to bosonic and back to fermionic depend- 
ing on the field strength. The mass of the new object is 
unrelated to the original mass of the electron. From ex- 
periments, one is sure that the electron has not split up 
into pieces. Of course, all of this can be well understood 
in the context of the fractional quantum Hall effect. A 
fractional charge as in the two-dimensional electron sys- 
tem can only be explained if we assume that our two 
charges can change their charge. 

In our model, we give a new picture how the interior 
of an electron looks like. It can be expected that there 
is an interaction between the two charges and the dielec- 
tric. For example, in case of a macroscopic dielectric by 
applying a magnetic field the dielectric constant can be 
changed [33] . In our model, this means that the mass of 
the electron changes. 
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